Q uality healthcare is related to "the degree to which health services for individuals and populations increase the likelihood of desired health outcomes and are consistent with current professional knowledge" (1) . Achieving quality nutritional care is a daily challenge faced by critical care practitioners and dietitians around the world (2-4). This challenge is augmented by the fact that other complex and high technology therapies in the intensive care unit (ICU) have historically taken precedence over nutritional assessments and interventions. Recently, attention has shifted away from nutrition as support toward nutrition as therapy, with the emergence of high-grade evidence to support the concept that nutrients and nutritional interventions modulate the underlying disease process and impact on patient outcomes (5) . Failure to translate this knowledge into practice may result in increased morbidity and mortality for thousands of critically ill patients.
To determine best practice, we went through a rigorous process to develop practical, evidence-based Clinical Practice Guidelines (CPGs) on this topic. These CPGs were published in 2003 and are updated on a regular basis, most recently in January 2009 (6, 7) . Before their publication, we validated these CPGs and demonstrated that ICU that were more adherent to these guidelines were more likely to successfully feed their patients (8) . A natural next step for quality improvement efforts is to audit clinical practice to determine the level of adherence to best practice and identify opportunities for practice improvement. Building on our previous work in Canada (9) , we were interested in describing clinical practice in ICUs across the world and, particularly, defining "best achievable" practice. We define "best achievable" practice as what is achievable by the top performing sites on key quality indicators. Ideally, 100% adherence with CPG recommendations is the gold standard for all sites, but often such performance may not be realistic and may be beyond the reach of some sites. By documenting actual performance and highlighting top performers, we can offer their performance as a secondary target in performance improvement initiatives. It is secondary in the sense that the primary goal is always 100% adherence with evidence-based CPGs.
The purpose of this international, observational study was to describe current nutrition practices in the critical care setting. We sought to compare actual practices to the recommendations of the Critical Care Nutrition CPGs developed in Canada (7) , and thus define the gaps or opportunities for improvement, and to identify the "best achievable" performance relative to key nutritional quality indicators.
MATERIALS AND METHODS

Study Design and Participants
We conducted a prospective, observational study of nutrition practices in ICUs across the world. Participating ICU sites were recruited by disseminating study information to our existing network of Canadian dietitians who were involved in previous surveys (8 -10) , the membership registries of clinical nutrition societies and critical care societies across the world, and contacting individual health care providers known to have an interest in critical care or nutrition therapy. We also advertized the survey on our web site, www.criticalcarenutrition.com (6) .
To be eligible, ICUs had to have at least eight beds and have a registered dietitian or an individual who had knowledge of clinical nutrition present to complete data collection. We excluded ICUs with less than eight beds because these units typically do not care for ventilated patients for Ͼ24 hrs and may not have adequate resources to complete data collection. However, if these smaller units wished to participate, and had the resources to do so, permission was granted on a case-by-case basis.
Data Collection
Participants were asked to enter information describing the characteristics of their hospital and ICU and general aspects of nutrition practice (e.g., use of feeding protocol or algorithms). Starting January 25, 2007, participants were asked to identify consecutive, eligible study patients who were being cared for in their units on that day. Critically ill adult (aged 18 yrs or older) patients who were mechanically ventilated within the first 48 hrs of admission to ICU and who remained in ICUs for Ͼ72 hrs were enrolled in this study. We excluded patients who were not intubated or who were receiving mask ventilation. Each participating ICUs was asked to enroll 20 patients, but only sites that enrolled at least eight patients were included in the final database. Data were collected retrospectively from the hospital records (with exception of head of the bed elevation, which was obtained through direct observation) and were entered online using a secure web-based data collection tool (6) .
Given the observational nature of this study, we made no attempt to standardize or influence care. We simply collected the following information related to the enrolled patients: admission category (surgical vs. medical), admission diagnosis, gender, age, body mass index, Acute Physiology and Chronic Health Evaluation II score (11) , and baseline nutrition assessment (i.e., prescribed energy and protein intake). The presence or absence of acute respiratory distress syndrome was based on chart abstraction using standard definitions (12); this determination was not verified centrally. The type and amount of nutrition received, morning blood glucose levels, insulin dose, and use of motility agents were recorded daily until death or ICU discharge, or for a maximum of 12 days. ICU and hospital outcomes were followed-up for 60 days.
Data Management
Range, data completeness, and logic checks were incorporated into the web-based data collection tool and database. The entered data were checked by the Methods Centre to identify errors, inconsistencies, and omissions. Data queries were sent back to the participating ICU for verification.
Statistical Analysis
Categorical variables are described as counts and percentages. Length of stay variables are reported as medians with quartiles because of their positive skew. Other continuous variables are reported as means with standard deviations. Variables related to the CPGs are reported as overall averages (or percentages) with the range of site averages. The site ranges are interpreted as the best and worst site performances relative to the Nutrition CPGs. Adequacy of nutrition (an indicator of overall performance) was calculated as the amount of calories or protein received (from either enteral nutrition [EN] or parenteral nutrition [PN] but not oral) plus propofol, divided by the amount prescribed as per the baseline assessment and expressed as a percentage. Days without EN or PN were included and counted as 0% adequacy. Days after permanent progression to exclusive oral intake were excluded from the calculation of nutritional adequacy. We arbitrarily selected Ͼ80% nutritional adequacy as an indicator of high performance.
Institutional ethics approval was obtained from the Health Sciences Research Ethics Board at Queen's University, Kingston, Ontario, and additional centers if required for their participation. The need for informed patient consent was waived given the nature of this study.
RESULTS
A total of 208 ICUs registered to participate in the survey, 50 ICUs were excluded because they had entered data on less than eight patients. The remaining 158 ICUs from 20 countries enrolled an average of 18.6 patients (range, 9 -26) for a total of 2946 patients and 27,944 patient days. Characteristics describing the participating ICUs and patient demographics are found in Tables 1 and 2 , respectively.
Type of Nutrition
The CPGs strongly recommend that EN be used rather than PN, and in critically ill patients with an intact gastrointestinal tract, it is strongly recommend that PN not be used routinely. Figure 1 shows the distribution of the type of nutrition provided by day. EN alone was provided on most of the patient days (61.7%). The proportion of patient days receiving EN alone ranged from 97.3% at one site to 1.0% at the worst performing site. PN alone was received on 11.8% of patient days with sites ranging from 0% to 72.3%. PN was used in combination with EN on 6.7% of patient days (site range, 0%-71.8%). For those patients who received PN, there was no contraindication to EN on half of the patient days on which PN was received (357 days [50.3%]). Reasons EN was not provided to patients on PN are found in Table 3 . No nutrition (i.e., via the enteral, parenteral, or oral route) was provided on 19.7% of patient days. However, one site was successful in providing nutrition on 100% of days; however, at the other extreme, one site did not provide nutrition on 57.6% of patient days.
Timing of Initiation of Nutrition
The CPGs recommend that EN be initiated within 24 to 48 hrs of admission to the ICU. Of the patients who received EN after ICU admission but within the 12 days of observation (n ϭ 2221), overall, the average time from admission to start of EN was 46.5 hrs across all sites. The best performing site was successful in initiating EN an average of 8.2 hrs after ICU admission, with the worst site delaying initiation of EN for Ͼ6 days (149.1 hrs), on average. The mean time to initiation of EN was Ͻ48 hrs in 96 (60.8%) of participating ICUs, and Ͻ24 hrs in 21 (13.3%) of participating ICUs.
The CPGs recommend that for critically ill patients started on EN, PN should not be started at the same time, and should not be started until all strategies to maximize EN delivery have been attempted. For those patients (486 of 2908 ϭ 16.7%) who received a combination of EN and PN, PN was started after EN in 153 (153 of 486 ϭ 31.5%) patients. Among these patients, PN was started on average 81.6 hrs after EN (range, 0.1-244 hrs), and 49 of 153 (32.0%) received either motility agents or small bowel feeding to maximize EN delivery before initiation of PN. There were 14 of 127 (11.0%) ICUs that complied with the recommendation and started PN after EN in all their supplemental PN patients. Of these sites, there was a wide variation in the timing of initiation of PN after the initiation of EN, with ICUs on average starting PN at 109.0 hrs (range, 22.3-217.0 hrs) after EN. Of these sites that started PN after EN, 4 of 14 (28.6%) ICUs provided either motility agents or small bowl feeding before initiating PN to all their patients who received supplemental PN (100% compliance).
Strategies to Maximize Delivery of EN
The CPGs recommend the use of motility agents and small bowel feedings, especially in patients who demonstrate high gastric residual volumes and who are not tolerating adequate amounts of EN. Of all the patients who received EN or EN in combination with PN, (n ϭ 2908), a total of 782 (27%) had high gastric residual volumes. Overall, the average use of motility agents and small bowel feeding in patients with high gastric residual volumes was 58.7% (461 of 782) and 14.7% (115 of 782), respectively (Fig. 2) . At the site level, only 34 (21.5%) and four (2.5%) ICUs utilized motility agents and small bowel tubes, respectively, in all patients with high gastric residual volumes (100% compliance). Whereas a total of 24 (15.2%) and 92 (58.2%) sites did not utilize motility agents and small bowel tubes in any of their patients who had high gastric residuals (100% noncompliance).
The CPGs also recommend that patients who receive EN have the head of bed elevated to 45 degrees where possible. Of all the patients who received EN (or EN and PN combined), the mean head of the bed angle was 32 Ϯ 13.0 degrees. At a site level, a total of 8 (5.1%) ICUs were successful in achieving an average head of bed elevation angle of 45 degrees or greater in all their patients who received EN (100% compliance), whereas at one site all patients who received EN remained supine (100% noncompliance).
The CPGs recommend the use of a feeding protocol that incorporates motility agents (e.g., metoclopramide) at initiation of feeding and tolerates a higher gastric residual volume of 250 mL. Of the 158 participating ICUs, 126 (79.7%) reported using a feeding protocol or bedside algorithm. The majority of these protocols included motility agents (88 ICUs [69.8%]). The mean threshold gastric residual volume in these protocols was 217mL (50 -500 mL), with 24 ICUs (15.2%) using the recommended threshold volume of Ն250 mL.
Composition of Enteral Nutrition and Use of Pharmaconutrition
Whereas the majority of sites were compliant with the recommendation to use polymeric enteral formulas, and to avoid using arginine-supplemented enteral formulas, there was suboptimal compliance with the use of other recommended pharmaconutrients (Table 4 ).
Strategies to Optimize Benefits and Minimize Risks of Parenteral Nutrition
The guidelines recommend that patients who receive PN should receive parenteral glutamine supplementation, when available. Of the patients in the study who received PN (n ϭ 697 from 141 sites), the average utilization of parenteral glutamine supplementation in these patients was 9.3%. Only five (3.5%) ICUs provided parenteral glutamine to all their patients who received PN, and 118 (83.7%) did not provide parenteral glutamine supplementation to any of their PN patients.
The CPGs recommend that low-dose PN and withholding lipids high in soybean oil "should be considered" in critically ill patients who are not malnourished, are tolerating some EN, or when PN is indicated for short-term use (Ͻ10 days). The mean daily calories received per kilogram from PN across all ICUs was 16.8 kcal/kg per day, the lowest average dose of PN provided at one ICU was 2.7 kcal/kg per day, and the highest average dose at a single ICU was 35.5 kcal/kg per day. A total of 108 (68.4%) ICUs adhered to the recommendation and provided Ͻ20 kcal/kg per day to all their patients who received PN alone or EN and PN combined. Of the 4863 patient days on which PN was received, the average number of days during which lipids were withheld was 1331 (27.4%). Only 18 (11.4%) ICUs adhered to the recommendation and withheld soybean oil-based lipids or provided non-soybean lipid formulations to their patients who were receiving PN, whereas 64 (40.5%) ICUs were noncompliant with the recommendation and provided soybean oil-based lipids on all patient days during which PN was administered.
Intensive Insulin Therapy
The CPGs recommend that avoiding hyperglycemia (blood glucose Ͼ10 mmol/L) is recommended in all critically ill patients. Across sites, the mean daily glucose level was 7.5 mmol/L (site average range, 3.5-10.4 mmol/L). Overall, one ICU successfully avoided hyperglycemia on all 241 patient days, whereas three (1.9%) ICUs had average daily blood glucose levels Ͼ10 mmol/L. 
Overall Performance
Sixty-eight (2.3%) of study patients did not have a nutritional prescription recorded and were excluded from the analysis of adequacy of nutrition. The average adequacy of total calories and protein over the 12 days of observation was 59.0% (site range, 20.5%-94.4%) and 60.3% (site range, 18.6%-152.5%), respectively. Figure   3 illustrates the adequacy of calories in the best, average, and worst performing site across the 12 days of observation. At a site level of analysis, only 14 (8.9%) and 18 (11.4%) ICUs successfully achieved overall average adequacy of calories and protein of Ͼ80%, respectively. Because the CPGs focus on the use of EN in preference to PN, when we only considered calories or protein from EN and from PN in the presence of a contraindication to EN (excluding calories from PN when used with an intact gastrointestinal tract), the average adequacy of calories and protein was 51.5% (site range, 4.1%-90.5%) and 52.3% (3.5%-117.7%), respectively. At the site level, a total of five (3.2%) and eight (5.1%) ICUs successfully achieved average adequacy of calories and protein from EN and appropriate PN of Ͼ80%, respectively. The average adequacy of calories and protein from EN in patients who received EN was 45.0% (4.1%-85.4%) and 45.5% (3.5%-93.7%), respectively. At the site level, a total of one (0.6%) and four (2.5%) ICUs successfully achieved overall average adequacy of calories and protein from EN of Ͼ80%, respectively.
DISCUSSION
We conducted a prospective, observational study in 158 ICUs across five continents to compare nutrition practice to the Critical Care Nutrition CPGs and determine the "best achievable" nutrition practices across participating sites. We observed that there are large gaps between guideline recommendations and current practice. For example, for more than one-third of their time in the ICU, patients did not receive any EN; more than one-third of ICUs failed to initiate EN within 48 hrs of admission to the ICU; and the utilization of motility agents and small bowel feeding as strategies to optimize EN in patients with high gastric residuals was very low. The consequence of poor adherence to these guideline recommendations is the low nutritional adequacy observed across sites, with ICUs delivering only approximately 60% of prescribed calories and protein. When we juxtapose these performance data with the results of other studies that suggest that ICU patients who receive inadequate amounts of nutrition have increased complications, prolonged mechanical ventilation, longer time in ICUs, and greater risk of death (13-15), we conclude that there is an urgent need to address these performance issues.
There is a similar performance gap with respect to pharmaconutrition. Several randomized trials and meta-analyses of randomized trials have shown that supplementation of specialized nutrients clearly modulates the underlying inflammatory state and improve clinical outcomes (5). National and international nutrition CPGs endorse their use (7, 16, 17) . Yet, the results of our study show that there is limited use of enteral formulas enriched with fish oils for patients with ARDS, and the use of glutamine supplementation is rare, particularly in patients who are receiving PN, in whom it has been shown to significantly reduce infectious complications and hospital mortality (6) . The identification of these gaps between evidence-based recommendations and actual nutrition practices highlight opportunities for improving the provision of nutrition therapy in critical care practice. However, the observation that these knowledge-practice gaps do not exist across all ICUs, and that some sites are consistently able to adhere to the recommendations in daily practice or achieve at least a high degree of adherence, provide compelling evidence that the translation of evidence, in the form of CPGs, into practice is an achievable and worthwhile pursuit. This is the value of defining the "best achievable" level of performance, which sets the standard for all other ICUs. For some recommendations of the Critical Care Nutrition CPGs, namely, use of EN in preference to PN, glycemic control Ͻ10 mmol/L, lack of utilization of arginine-enriched enteral formulas, delivery of hypocaloric PN, and the presence of a feeding protocol, the evidencepractice gap was observed to be narrow, with the majority of participating ICUs adhering to the recommendations.
Whereas we should strive for 100% adherence to the CPGs in all patients, we must also be cognizant that these recommendations are derived from randomized, controlled trial data, and as such may be difficult to replicate in real-life practice. Thus, setting 100% adherence as our goal may not be an achievable level of performance in some situations. Hence, establishing a realistic, achievable performance goal is important to effectively improve quality of care. In the business sector, benchmarking has long been recognized as an effective quality improvement strategy and is beginning to be applied to healthcare (18) . Benchmarking refers to a process of measuring performance, comparing performance to other organizations and against established standards of best practice, followed by modification of practice when indicated. Benchmarking is a form of clinical audit. A Cochrane review of randomized, controlled trials of audit and feedback concluded that this strategy can be effective in improving professional practice, and that the relative effectiveness of audit and feedback is likely to be greater when baseline adherence to recommended practice is low and when feedback is delivered more intensively (19) . Historically, feedback compared an individual's performance to the mean performance of a peer group. There is emerging evidence that the effectiveness of feedback in motivating change in practice may be enhanced if an achievable standard is used based on the practices of top performers (20) . Thus, benchmarking provides an opportunity to learn from others, set goals based on real, achievable levels of performance, while also stimulating interest among the nutrition community to collaborate in efforts to change practice.
Our findings are consistent with other observational studies of nutrition practices in critically ill patients who also report considerable variation in practices across ICUs or document that provision of nutritions therapy, particularly via the enteral route, is suboptimal (2-4, 9). Through our previous work in Canadian ICUs, we observed that patients only received 58% of their prescribed calories and protein (9, 10) . In contrast, in a recent single center observational study in a medical ICU in Germany, the daily administered amount of EN was much higher than in our study at 86.2% (SD Ϯ 30.4%) (13) . However, this analysis was based on only 61 patients who had received EN for a minimum of 7 days. Because it is common practice to gradually increase nutrition over the first few days of ICU stay, with little or none given on the first few days, the average amount of calories and protein received is strongly related to the total number of days of nutrition received. Hence, the lower nutritional adequacy observed in our study may be attributable to the inclusion of patients who received EN for Ͻ7 days. Nevertheless, the successful performance of this single German site confirms our assertion that some ICUs are able to achieve excellent performance, with respect to adequacy of nutrition via the enteral route, whereas others struggle to provide acceptable amounts of energy and protein.
It was not the intent of the current study to explain why variation exists or to elucidate the mechanisms by which sites achieve best practice. However, such an analysis may offer further insights in how to improve performance. Achieving adherence to guidelines is profoundly complex, being determined by the interplay of a number of factors that act as barriers or enablers to practice. We have conducted a qualitative study to better understand the factors associated with adherence of the Critical Care Nutrition CPGs (21) . We discovered that the characteristics of the specific guideline (e.g., topic, format, developer), the strategies used to implement the guidelines, institutional factors, the critical care provider's knowledge and attitude, and the clinical condition of the patient all influence the readiness with which guideline recommendations are adopted. To the extent that specific products are recommended (such as parenteral glutamine or alternatives to soy bean lipid emulsions), their availability in hospital formularies further impacts on compliance with adoption of the guidelines. Designing and conducting more effective quality improvement interventions by tailoring educational strategies to overcome these site-specific barriers and enablers may aid in facilitating the realization of attaining the goal of "best achievable" nutrition practices across ICUs.
The major strength of this study is the observation of actual nutrition practices compared to evidence-based recommendations in a large sample of ICUs from across 20 countries. The high response to our invitation to participate illustrates that critical care practitioners are interested in improving the provision of nutrition therapy in their ICU. To audit practice within a single site is time-consuming and the inferences permitted from the results are limited by the omission of an external comparison. The benchmarking aspect of this study, highlighting what is "best achievable," provides powerful information for individual critical care practitioners and researchers alike.
A limitation of the study is that the participating ICUs are not a representative sample of all ICUs across the world. Some geographic regions did not participate or had low representation. Because participation was voluntary, we are aware of the potential for response bias. Consequently, it is likely that the evidence-practice gap that we identified in our study is in reality larger.
Another limitation of this study may be that we used the Critical Care Nutrition CPGs developed in Canada, and these recommendations may not represent the standard of care for all ICUs around the world participating in this survey. However, the "Canadian" CPGs are very similar to other CPGs developed by other countries or societies and only differ in recommendations regarding use of arginine-supplemented diets and timing of PN (7, 16, 17) .
CONCLUSIONS
We have shown that adhering to the recommendations of the Canadian Critical Care Nutrition CPGs is an achievable goal, and there are great opportunities for improvement of nutrition practices in ICUs. In 158 ICUs across the world, we observed that the use of EN is predominant, there is limited use of PN, the use of arginineenriched enteral formulas is appropriately low, and glycemic control is adequate. However, overall the adequacy of nutrition is suboptimal. Future quality improvement strategies should focus on ensuring that EN is started earlier, increasing the utilization of motility agents and small bowel feeding in patients with high gastric residual volumes, withholding soybean oil lipids in patients receiving PN, and improving the use of enteral formulas enriched with fish oils in patients with acute respiratory distress syndrome and glutamine in burn and trauma patients. The performance of the top-achieving sites should be the target for those engaged in these quality-improvement activities. Efforts to achieve these benchmarks may translate into reduced morbidity and mortality of critically ill patients.
